Abstract: An extracellular toxic protease, KB76 from Brevibacterium otitidis was successfully purified to 31.3-fold by anion-exchange and gel filtration chromatography. The molecular mass was determined to be 47 kDa using SDS-PAGE. The optimum temperature and pH of the protease were 7.4 and 40
Introduction
Pathogenic bacteria destroy the defense lines of their hosts by secretion of so-called virulence factors. An important part of the arsenal of bacterial virulence factors are proteases. It is thought that the lethality of microbial proteases to mammalian cells is due to the contribution to nutrition of microorganisms by breaking down proteins in the surrounding tissue to amino acids and peptides (Barrett et al. 2004) .
There are several well-known bacterial proteases that interact with their hosts during a pathogenic infection. The lethal factor of the anthrax toxin from Bacillus anthracis is a metalloprotease (Young & Collier 2007) . The botulinum neurotoxin from Clostridium botulinum is also a metalloprotease, which is regarded as one of nature's most lethal toxins known to man, with lethal dose for 50% of tested animals (LD 50 ) of 0.005-0.05 µg/kg (Kukreja & Singh 2009) .
Proteases in human regulate many aspects of protein functions; there are more than 560 protease expressed by the human genome (Katunuma et al. 1994) . During infection, most bacteria and viruses liberate high levels of different proteases that alter protease expression inside the body, and causing different pathological conditions, such as rheumatoid arthritis, atherosclerosis and myocardial necrosis (Leung et al. 2000) . Pitcher & Malnick (1984) recognized many isolates as belonging to genus Brevibacterium. This genus has been increasingly involved as opportunistic pathogen in various clinical, mostly nosocomial infections (Funke et al. 1997) . The vast majority of the isolates are Brevibacterium casei (Funke & Carlotti 1994) . Brevibacterium otitidis has almost exclusively been isolated from infected human ears (Pascual et al. 1996) . Wauters et al. (2000) isolated the first pathogenic strain of B. otitidis outside the ear -from patient undergoing continuous ambulatory peritoneal dialysis.
There have been very few reports about B. otitidis. This study is the first report dealing with the production of a protease enzyme from B. otitidis (KB76). The main goal was to describe the histopathological manifestations effected by injection of the protease to mice through intraperitoneal (IP) route.
Material and methods

Strain isolation and identification
The strain was isolated from the blood of a malignant patient at Zagazig General Hospital. It was previously shown to have the highest proteolytic activity of 128 bacterial isolates obtained from different sources (Kotb 2006 Based on screening program, isolate No. 76 exhibiting a prominent proteolytic activity was selected and identified till the genus level using the phenotypic tests based on the methods described in the Manual of Clinical Microbiology (Murray et al. 1999) . The metabolic fingerprint patterns were compared and indentified using the Biolog Microlog TM 34.20 database software (Biolog, Hayword, CA).
Enzyme production
Inocula were routinely grown in LB broth medium composed of (g/L): tryptone 10.0, yeast extract 5.0 and NaCl 5.0; pH adjusted at 7.0. After 12 h cultivation, a 1% (v/v) inoculum (∼ 3 × 10 8 cells/mL) was transferred into fermentation medium containing (w/v): 1% glucose, 0.5% tryptone, 0.5% NaCl, 0.15% MgSO4.7H2O, 0.08% KH2PO4, 0.02% K2HPO4, 0.005% CuSO4 and 0.001% FeSO4; pH 7.2. Fermentation was performed on a rotatory shaker (200 rpm) for 84 h at 37
• C, in 250 mL Erlenmeyer flasks with 50 mL medium.
Enzyme assay
Briefly, 1 mL cell free supernatant was added to equal amount of 1% casein in 0.2 M sodium phosphate buffer (pH 7.2) and incubated at 37
• C for 30 min. The reaction was stopped by adding 2 mL of 10% trichloroacetic acid. The solubilized protein in the supernatant was measured after 1 h incubation in crushed ice using the method of Bradford (1976) . One unit of enzyme activity was defined as 1 µg of L-tyrosine liberated per mL and min under the standard experimental conditions.
Enzyme purification
The enzyme was purified by three steps including saltingout with (NH4)2SO4, ion-exchange chromatography with DEAE-Sepharose FF and gel-filtration chromatography with Sephadex G-100. All purification steps were performed at 4
• C. Culture broth was centrifuged at 7,000 × g for 10 min, and the supernatant was fractionated by the addition of 30-70% (NH4)2SO4. Protein was collected by centrifugation (10,000 × g, 15 min) and dissolved in 20 mM Tris-HCl buffer (pH 7.8, Buffer A). After removing of insoluble material, the crude enzyme solution was applied to a DEAESepharose FF column (1.5 × 20 cm 2 ). The column was washed with Buffer B (20 mM Tris-HCl buffer; pH 9.4) at a flow rate of 0.5 mL/min, and active fractions were pooled and dialyzed against buffer B. After dialyzed, active fractions were passed through a Sephadex G-100 FF column (2.5 × 100 cm 2 ) using buffer A. Finally, active fractions were pooled and concentrated by lyophilization.
SDS-PAGE was carried out to determine the purity and molecular weight of the enzyme, as described by Laemmli (1970) , using a 5 and 15% (w/v) stacking and separating gels, respectively.
Effect of pH on protease activity and stability
The purified enzyme reaction mixtures were adjusted to different pH values using three buffer systems: (i) a citratephosphate buffer for pH 2-6; (ii) a sodium phosphate buffer for pH 7-8; and (iii) a glycine-NaOH buffer for pH 9-13 -at 37
• C using casein as a substrate. The pH stability in the range of pH 2.0-13.0 was examined by incubating the enzyme solution for 2 h at 37
• C with different buffers, and then residual activity at pH 7 was determined.
Effect of temperature on protease activity and stability The effect of temperature on enzyme activity was studied from 15 to 90
• C in 0.2 M sodium phosphate buffer (pH 7) using casein as a substrate. The thermal stability of protease was determined by allowing the enzyme solution in 50 mM phosphate buffer (pH 7) to stand for 2 h at various temperatures. At the end of incubation period at those temperature degrees, the replicate tubes were cooled and assayed for residual activity.
Effects of metal ions and enzyme inhibitors on the enzyme activity The effect of various metal ions on the activity of the protease KB76 was investigated by adding Mn
or Hg 2+ metal ions in addition to ethylenediaminetetraacetic acid (EDTA), phenylmethylsulfonyl fluoride (PMSF), soybean trypsin inhibitor, diisopropylfluorophosphate, tosyl-L-phenylalanine chloromethyl ketone, tosyl-L-lysine chloromethyl ketone, aprotinin, 2,2'-bipyridine and o-phenanthroline to the reaction mixture. The activity of the enzyme in the absence of metal ions and inhibitors was taken as 100%.
Determination of enzyme pI
The isoelectric point for the purified enzyme was determined as described by Kantardjieff & Rupp (2004) with slight modifications. The enzyme preparation was incubated at different pHs (3.0-8.0) using citrate phosphate buffer at 4
• C. After overnight incubation, the enzyme was precipitated by centrifugation at 10,000 × g for 15 min. The precipitated proteins were measured quantitatively using the method of Bradford (1976) . The pI was expressed as the pH range in which the maximum enzyme precipitation occurred.
Kinetic parameters of the purified enzyme
The kinetic constants, Km and Vmax values for the proteolysis of N-succinyl-L-phenylalanine p-nitroanilide (N-SucPhe-pNA) by the protease KB76 were determined using the Lineweaver-Burk plot. The reaction properly followed the Michaelis-Menten kinetics. The proteolytic activity was assayed with various concentrations (0.2-1.2 mM) of the substrate in 50 mM Tris-HCl (pH 7.4) at 40
In vivo study The possible lethality or toxicity of KB76 and filtersterilized heat-inactivated (100 • C for 30 min) preparations were determined by the IP route. Groups of six mice (each 20-24 g) were treated. Various concentrations (1 mL) of protease were injected. Control animals received an equivalent amount of sterile pyrogen-free distilled water. Animals were observed at several time intervals over a period of 48 h, and the LD50 values were calculated using the probit analysis with BioStat v2009 software following the method of Finney (1952) .
Histological study
An attempt was made to determine the chronological sequence of histological events that occurred after KB76 administration by sacrificing animals during the experiment. Sacrificed and control animal were autopsied immediately. After gross postmortem observations were recorded, the livers were removed and fixed in 2.5% glutaraldhyde and then in 1% osmium tetraoxide. Selected tissue specimens were then processed. Sections were cut on RMC ultramicrotome into ultrathin sections about 70 nm each. They were then carried on copper grids. The ultrathin slices were contrasted with uranyl acetate followed by lead citrate. The grids were examined under JEOL 1200 EX transmission electron microscope and electron micrographs were printed. 
Statistical analysis
All experiments were conducted in triplicate. The data are presented as the average of triplicates ± standard deviations.
Results
Influence of incubation time on enzyme activity
As shown in Figure 1 , maximum KB76 productivity was found at 84 h of incubation. The protease productivity increased along with the cell growth (as judged by OD 600 ) and reached a maximum (2,845 U/mL) after the cell growth reached a peak at 60 h of incubation.
Purification of enzyme KB76 protease was purified from the culture supernatant of B. otitidis KB76 by the procedure described in Materials and methods. As summarized in Table 1 , the enzyme was easily and quickly purified by the combination of various steps. The final specific activity of the enzyme increased more than 31.3-fold with a 15.2% recovery based on the initial culture supernatant. The finally eluted proteins were subjected to SDS-PAGE, and only one band at 47 kDa was observed in the purified sample on SDS-PAGE (Fig. 2) .
Biochemical properties of enzyme
The pH activity profile of the purified enzyme had maximum value at pH 7.4. The pH stability profile of the enzyme illustrated that the protease was stable at pH 711 for 2 h (Fig. 3a) . The optimum temperature for the enzyme was found at 40
• C (Fig. 3b) . The enzyme main- tained its initial activity at less than 25
• C and retained 50% of it at 60
• C, but lost its initial activity after 2 h at 70
Inhibition study
The effects of metal ions on the enzyme activity are summarized in Table 2 . Except Mg 2+ , none of the metal ions tested stimulated the enzyme activity. Maximum enzyme inhibition was achieved with Cd 2+ , Co 2+ and Cu 2+ , although the extent of inhibition by the latter two ions was less significant. The effects of protease inhibitors and several chemical reagents are summarized in Table 3 . Trypsin protease inhibitors (soybean trypsin inhibitor and aprotinin) exhibited little effect on the activity. However, the metal chelating agent, EDTA, and two metalloprotease inhibitors, 2,2'-bipyridine and ophenanthroline, highly repressed the enzymatic activity. The enzyme restored its activity when Mg 2+ ions were added in the presence of EDTA. The enzyme activity was almost completely lost by PMSF.
Isoelectric point
The pI for KB76 was determined to be 5.5 ± 0.2 based on the pH precipitation profile.
Enzyme kinetics
The kinetic parameters for KB76 were determined using N-Suc-Phe-pNA following the classical MichaelisMenten kinetics. The Michaelis constants, V max and K m were determined from double reciprocal plots of initial rates, as described in the Materials and methods. The apparent K m value for N-Suc-PhepNA was 2.41 mM and the corresponding V max was 21.74 µM/min of p-nitroanilide released.
In vivo study
Initial study was designed to determine the LD 50 value of purified KB76 protease when administered to mice by the IP route. Concomitantly, comparative study with heat-inactivated protease was also performed in an attempt to determine whether there was a relationship between toxicity and enzymatic activity. Injections of the active protease IP employed enzyme concentrations that ranged from 2 to 64 mg. With 64 and 32 mg enzyme, death occurred in all the animals within 2 h, whereas 5, 4, and 1 out of six mice died within 48 h with 16, 8 and 4 mg protease, respectively. No lethality was noted with 2 mg enzyme. The calculated LD 50 at 48 h was 9.56 mg/kg. On the other hand, none of the mice were killed by identical concentrations of heatinactivated enzyme.
The hepatocytes of treated mice with active protease showedz programmed necrosis and the dying cells exhibited extensive intracellular vesiculation, damage of mitochondrial cristae and karyolysis. For untreated cells (Fig. 4a) , the chromatin was uncondensed giving mottled appearance, whereas for treated cells heterochromosomes accumulated intensively yielding hyperchromatism (Fig. 4b) .
Discussion
This study describes the purification, partial characterization and in vivo study of a protease KB76 from B. otitidis KB76 as a virulence factor. The producer strain was able to excrete tremendous amounts of potentially destructive protease (2,845 U/mL) after 84 h of incubation. The chemo-and radio-therapy attended by the sourced patient might affect the behavior of bacterium towards protease production. The enzyme was purified to electrophoretic homogeneity by anion-exchange and gel-filtration chromatography with DEAE-Sepharose and Sephadex G-100, respectively. The molecular mass of the purified enzyme was 47 kDa as estimated by SDS-PAGE, with resemblance to Yersinia ruckeri protease (Secades & Guijarro 1999) . Since the molecular mass of KB76 is higher than that of other virulence proteolytic enzymes, it is likely that it could result in more antigenicity.
The pH stability profile of KB76 was between pH 7-11. The optimum temperature for its action was 40
• C, but it could maintain its initial activity at less than 25
• C and retain 50% of it at 60
• C for 2 h, just as it was exhibited by Bacillus brevis protease (Banerjee et al. 1999) . The optimum pH of KB76 was 7.4, which is closely similar to that of Xenorhabdus nematophila protease (Caldas et al. 2002) . The significant decrease in the enzyme activity at lower pHs may be attributed to the pI of the protein (5.5) where enzyme precipitation occurs.
Enzyme activity was inhibited by Cd 2+ , Co
2+
and Cu 2+ , but was enhanced by the addition Mg
ions. However, the metal chelating agent, EDTA, and two metalloprotease inhibitors, 2,2'-bipyridine and ophenanthroline, highly repressed the enzymatic activity. The enzyme activity was almost completely lost by PMSF. The enzyme restored its activity when Mg
ions were added in the presence of EDTA. Taken together, we suggest that KB76 is both serine and metalloprotease containing magnesium ions at or near its active site, as reported by Wu et al. (2009) and Simkhada et al. (2010) . The 2 days LD 50 of KB76 to mice was 9.6 mg/kg body weight. However, 3 days LD 50 of protease A of Vibrio parahaemolyticus No. 93 ranged from 2.5-5 mg/kg of mouse body weight (Lee et al. 2002) , while theprotease of Stenotrophomonas maltophilia reached LD 50 of 4.33 mg/kg of body weight (Du et al. 2011 ) via the IP route.
Transmission electron microscopy proved that KB76 injection in mice causes cell death by necrosis but not apoptosis because damage of mitochondria did not occur, heterochromosomes accumulated intensively, yielding hyperchromatism, cells became leaky and finally became disturbed, and cellular and nuclear lysis occurred, too (Wyllie 1997) . Other bacterial proteases showed virulence in many cases. Pseudomonas aeruginosa proteases were demonstrated to be crucial for the tissue destruction of cornea (Bejarno et al. 1989) . Vibrio vulnificus elastolytic protease (Kothary & Kreger 1987) and a collagenase (Smith & Merkel 1982) contribute to extensive tissue necrosis of wounds. Streptococcus pyogenes protease Spe B is involved in streptococcal toxic shock syndrome, and necrotizing fasciitis that can lead to death within hours (Kagawa et al. 2000) .
KB76 showed both hemorrhagic and hemolytic activities towards red blood cells. This may be due to the direct degradation of proteins located in the epithelial cells and red blood cells membranes changing the membrane permeability and releasing hemoglobin. This may explain the presence of internal hemorrhage inside the abdominal cavity of treated mice, with resemblance to protease A of V. parahemolyticus No. 93 (Lee et al. 2002) .
In conclusion, this paper is the first report on protease production by B. otitidis. Protease produced by this bacterium is exceptionally toxic agent. It can cause liver damage and may fasten cancer disease by the proteolysis of basement membrane in host. Future work should focus on the use of chimeric proteases to fight and target undesirable cells in the body especially cancer cells. The role of proteolytic enzymes secreted by bacteremic bacteria in the virulence of diseases should also be investigated.
